INTRODUCTION
A neutral lipomannan has been isolated from the membranes of Micrococcus agilis. In contrast to the lipomannans from 2 strains of Micrococcus luteus, which contained succinic acid ranging from 5.1%-8.0%, the M. agilis lipomannan had no detectable succinyl residues and exhibited neutral behaviour on Concanavalin A-agarose rocket electrophoresis. As with the M. luteus lipomanhans, mannose was the only sugar detectable (as alditol acetate) by GLC analysis in the purified M. agilis lipomannan. Fatty acids accounted for 2% of the M. agilis lipomannan and were predominantly C15 branched-chain acids, with higher amounts of C16 iso and C17 anteiso than that found in the M. luteus polymers. Neither conditions of growth of the organism nor the method of membrane preparation appeared to be responsible for the absence of succinyl residues. This appears to be the first report of a neutral membrane amphiphile.
Bacterial membrane amphiphiles have attracted much attention in recent years and there is now a considerable body of evidence on their chemical composition and structure, their physiological roles and their interactions with mammalian tissues and cell surfaces [1] [2] [3] . Lipoteichoic acids (LTAs) are the most widely distributed membrane amphiphiles, occurring in various genera of Gram-positive organisms [1, 2] . In micrococci lacking LTA, lipomannans appear to constitute the characteristic membrane amphiphile [4] [5] [6] , although not all species now delineated in the genus Micrococcus [7] have been examined. Previous studies have established that the Micrococcus lysodeikticus (luteus) lipomannan is succinylated [8, 9] , making it a strongly negatively-charged polymer analogous to the LTAs. In this contribution, we wish to report the occurrence of a neutral lipomannan in the membranes of M. agilis, and compare its chemical composition with that of 2 strains of M. luteus. [10] ) were grown on peptone water yeast extract (PWYE) medium with continuous aeration. Cells were harvested, washed and suspended for membrane preparation as previously described [11] . M. agilis was grown for 48-60 h and the M. luteus strains for 16-20 h at 30°C. Membranes were prepared, unless otherwise specified, by treatment of the cells with lysozyme and DNase, as previously described [11, 12] , dialysis against distilled water and lyophilization.
MATERIALS AND METHODS

Organisms
Preparation of lipomannans
Micrococcal membrane preparations were suspended in distilled H20 at 10 mg dry weight/ml, mixed with an equal volume of 90% (w/w) phenol and extracted at 70-75°C for 2 h [13, 14] . The upper aqueous layers of the phenol extracts were collected and dialyzed (10000 MW cut-off dialysis membrane) extensively against distilled H20 at room temperature. The non-diffusible contents of the dialysis sacs were lyophilized, the fractions dissolved in a small volume of distilled water and the lipomannans precipitated with 80% (v/v) ethanol containing 1% (w/v) potassium acetate, at 4°C for 48 h. Precipitates were collected by centrifugation, dissolved in 4-5 ml H20, dialyzed against distilled water and lyophilized. Lipomannans of M. agilis and M. luteus 170 were further purified by affinity chromatography on Concanavalin A-Sepharose 4B, eluting the lipomannans with 0.1 M a-methylmannoside, dialyzing against distilled H20 and finally lyophilizing.
Analytical procedures
Protein was determined by the method of Lowry et al. [15] , carbohydrate by the anthrone method of Morris [16] , and total phosphorus after ashing by the method of Chen et al. [17] . Identification and quantification of sugars were carried out by gas-liquid chromatography (GLC) on a 3% SP-2330 on 100/120 Supelcoport column (Supelco, Inc., Bellefonte, PA) of the alditol acetate derivatives obtained after acid hydrolysis of the lipomannans, under N 2 gas with 1 M HC1 for 1 h at 110°C, according to the methods described by Lehnhardt and Winzler [18] . Alditol acetates of fractions, and standards including mannose, were resolved on a F&M Model 400 Biomedical gas chromatography, operated at a column temperature of 150-250°C using a temperature gradient of 4°C/min, and N 2 carrier gas at a flow rate of 20 ml/min. Fatty acids were identified and quantified as their methyl esters by methylation after mild alkaline hydrolysis [19] by GLC at 120-150°C (temperature increase 2°C/min) on a column of GP 10% SP-2330 and 100/120 chromosorb WAW (Supelco, Inc., Bellefonte, PA). Succinyl residues released by alkali treatment of lipomannan were quantified as their methyl esters as described by Anton [20] by GLC (GP 10% SP-1000/1% HzPO4) on 100/120 chromosorb WAW (Supelco, Inc., Bellefonte, PA) at 140°C and N 2 carrier gas flow rate of 50 ml/min. Peak areas of all GLC separations were quantified by weighing photocopies of peaks recorded on charts.
Rocket electrophoresis
Concanavalin A-agarose rocket electrophoresis of the lipomannans was performed as described by Owen and Salton [21] .
RESULTS AND DISCUSSION
In a typical experiment, isolated membrane fractions from which the lipomannans were purified contained 7.1%, 7.5%, 7.9% carbohydrate (anthrone method) for M. luteus NCTC2665, M. luteus 170 and M. agilis, respectively. The purified lipomannans were analyzed for their contents of protein, carbohydrate, mannose (as alditol acetate) and phosphorus. The results are presented in Table 1. Mannose was the only sugar detected in GLC of these purified preparations. However, it should be noted that some preparations of lipomannan from M. luteus 170 and M. agilis contained less than 5% of a component which has the same retention time as glucose. The inconsistency of its presence suggests the possibility that it may be derived from contaminant glycogen particles, as in Bacillus megaterium wall-polysaccharide [22] . GLC analysis for carboxylic acids revealed a single peak corresponding to that of succinic acid in lipomannan fractions from the 2 strains of M. luteus. This peak co-separated with a standard of the methyl ester of succinic acid, and no other acidic groups such as acetate, propionate or isobutyrate were detected. No succinyl residues or ,gther carboxylic acids were detectable in the lipomannans from M. agilis, a finding in accord with its neutral behaviour when subjected to agarose gel electrophoresis. Quantification of the succinic acid residues of lipomannans from 2 separate membrane preparations of each organism gave contents (% by weight) of 5.1% and 5.5% for M. luteus NCTC2665, 6.5% and 8.0% for M. luteus 170 and none detectable for M. agilis.
As reported earlier [4, 5] the total fatty acid content of the lipomannan from M. lysodeikticus (luteus), strain NCTC2665, was approximately 1% by weight, and the corresponding values for M. luteus 170 and M. agilis were 1% and 2%, respectively. The composition of the fatty acids in the purified micrococcal lipomannans was determined by GLC of their methyl esters. The results are presented in Table 2 . As found previously [4, 5] the fatty acid components of the lipomannans are generally very similar to, and reflect the overall fatty acid composition of, the total membrane lipid content (data not shown).
When lipomannans were subjected to rocket electrophoresis in agarose containing Concanavalin A [21] , as shown in Fig. 1 , only those from M. luteus NCTC2665 and M. luteus 170 showed migration towards the anode. As anticipated from the absence of detectable succinyl residues by GLC, the M. agilis lipomannan did not behave as a negatively-charged polymer, but formed a precipitate with Concanavalin A in the region of the gel characteristic for the electroendosmotic migration of neutral polysaccharides (dextran marker). The detection of a neutral membrane amphiphile was a somewhat unexpected finding, and raised the question as to whether its isolation was due to loss of ester-linked succinyl residues during the standard membrane preparative procedures or due to other factors (pH of medium, enzymatic desuccinylation, method of membrane isolation). No change in the migration of M. luteus NCTC2665 succinylated lipomannan could be detected after incubation for 5 rain, 24 h, 48 h or 72 h at 30°C in 50 mM Tris-HC1 (pH 7.5), nor after incubation under the same conditions but in PWYE medium adjusted to pH 7.8, 8.3 or 9.0. Moreover, incubation under similar conditions with M. agilis cytoplasmic (23 /~g/ml) or membrane fractions (10 /~g/ml) showed no evidence of enzymatic desuccinylation. Finally, as illustrated in Fig. 2 , the neutral behavior of the lipomannan from M. agilis extracted by the hot water-phenol method was similar for membranes prepared by lysis with the Chalaropsis enzyme of Hash [23] , by the lysozyme method and by French press cell disruption. In addition, the lipomannan from M. agilis grown on trypticase soy broth (Fig. 2, well 5) , and the lipomannan fraction (well 6) extracted by the ionic heat-shock wash method of Owen and Salton [5] , showed no evidence of different electrophoretic migration. In therefore appears unlikely that the neutral behavior of the M. agilis lipomannan is due to loss of succinyl residues as a preparative artifact. This conclusion is further supported by our detection and isolation of a succinylated cell- Fig. 2 . Rocket electropherogram in Con A agarose (all conditions as for Fig. 1 ) of M. agilis lipomannan, prepared under different conditions (4 #g/well, wells 2-6) compared with the succinylated lipomannan (4 ~tg) of M. luteus NCTC2665 (well 1). Lipomannan was extracted by the hot water-phenol method from M. agilis membranes prepared by lysis with the Chalaropsis enzyme (well 2), by lysozyme lysis (well 3) and by French press disruption (well 4). Lipomannan in well 5 was extracted by the phenol method from cells of M. agilis grown on trypticase soy broth and disrupted by French press for membrane isolation. Lipomannan in well 6 was extracted from M. agilis membranes (lysozyme method) by the ionic heat-shock wash method [5] .
wall secondary polysaccharide polymer of rhamnose and galactose, from M. agilis grown under similar conditions and French press-disrupted (to be reported elsewhere).
Further studies will be needed to establish the distribution of the lipomannans in other species of the genus Micrococcus [6, 7) and it will be of interest to determine whether the absence of succinyl residues in this amphiphile extends to other members. As emphasized recently by Schleifer and Stackebrandt [24] , chemotaxonomic markers have been particularly valuable both in identification and classification, and lipomannan may prove to be such a marker.
